The MESSENGER mission (2011)(2012)(2013)(2014)(2015) gives us an opportunity to gain new knowledge about Mercury which is still the least explored planet of the terrestrial group. The quality of the new data makes it possible to carry out comparative planetological analysis with the Moon -our nearest neighbour and Mercury's most resembling celestial body in Solar System but placed in different conditions. Our work focuses on calculation of morphometric parameters of relief characteristics for Mercury and the Moon, based on the newest DEMs, and creation of morphological maps, which help us to identify common patterns in planetary surface and reveal hidden details like cryptomaria.
INTRODUCTION
Estimates of values of various morphometric characteristics are widely used for explanation of Earth's geomorphology. Such parameters as relative topographic position (RTP), interquartile range of the second derivative of heights (IQR) and land-surface curvatures allow us to distinguish and classify geological features and give a complex view on processes of their formation. However, methods that are usually applied to our planet can be effective for other celestial bodies with solid surface. For example, due to measurements of various morphometric parameters and their subsequent morphological interpretation: -a number of spiral structures on the surfaces of Venus and Mars were identified (Florinsky, 2008) ; -lunar cryptomaria -ancient volcanic plains hidden behind the newest craters -were explored (Kreslavsky et al., 2013) ; -global maps of topographic roughness of Mars (Kreslavsky and Head, 2000) and the Moon (Rosenburg et al., 2011) were created.
Calculations of Mercury morphometric parameters also were performed earlier based on laser altimetry data (Kreslavsky et al., 2014) and results of photogrammetric processing of stereo images (Zharkova et al., 2018) obtained by MESSENGER. But now our possibilities have expanded even more because we can explore Mercury surface by DEMs with different resolution and coverage. Open access to the latest high-resolution data makes it possible to compare Mercury relief features (even relatively small) with similar objects on the Moon. Thereby, the main goal of our study is to calculate values of various morphometric parameters of Mercury and the Moon at two scale levelsglobal and detail -for the further comparative planetary analysis and mapping.
SURVEY
At both scale levels of study we apply methods of spatial data processing, mapping, cartometric and morphometric analyses.
Data
For Mercury we use the newest high resolution MESSENGER DEMs: 1. the first global Mercury DEM with resolution 665 m/pixel (Becker et al., 2016) ; 2. DEMs on four Mercury quadrants with resolution ~222 m/pixel and vertical accuracy of about 30 m (Preusker et al., 2017) . For the Moon we choose the global DEM GLD100 (Scholten et al., 2012 ) with a resolution of 118 m/pixel and full coverage of polar regions.
Also we visually surveyed LROC image mosaics (Robinson et al., 2010) and MESSENGER MDIS (Hawkins et al., 2007) images in order to verify the results of our automatic calculations.
All DEMs listed above are obtained as result of photogrammetric image processing, not altimetry data. Because maps based on processing of photogrammetric DEM have better isotropy than maps developed using altimeter data, which characterize the surface roughness in the main direction along meridional-oriented orbits. For this reason DEMs obtained by photogrammetric methods have some advantage in calculation of morphometric parameters. In the future it is possible to use MLA data or their combination with other digital products (fusion DEMs) for detailed morphological mapping of regions of interest near the North Pole.
Parameters
Depending on the tasks we calculate different morphometric parameters of the surface. For the purposes of our study we mostly use two of them: -Interquartile range of the second derivative of heights. To calculate this parameter we use a previously developed tool integrated into the ArcGIS software (Kokhanov et al., 2016) . Interquartile range gives us the global patterns of planetary relief -distribution of smooth and rough areas -but at the same time, it points to geological age of some features and distinguishes old hidden structures that are not visible on images.
-Relative topographic position (RTP). This parameter means that topographic position of each pixel of processed DEM is identified with respect to its local neighbourhood. RTP is almost identical to the Topographic Position Index (TPI), but its values are normalized (converted to the range from 0 to 1) for ease of use. Results are suitable for automatic detection of crater rims and depressions (concave/convex objects).
The choice of these parameters is justified by the fact that they are quickly calculated by ArcGIS and clearly show the macrorelief forms (such as smooth volcanic plains, rough intercrater plains, rims of craters, relief depressions and tops of hills) without difficulties in interpretation of results. Furthermore, both parameters have already been used for transition from numerical values of morphometric parameters to morphological classes on Earth (Jenness J., 2006) and development of the Moon maps (Kokhanov et al., 2013) , which confirms the correctness of the chosen approach.
Initially, the morphological mapping was planned on the basis of only one of the studied morphometric parameters. After calculating and normalizing the results, it was supposed to perform a comparative analysis and decide which of the two parameters would be better for our purposes. However, during the comparison, the selected parameters revealed a number of advantages and disadvantages. So we decide to use the combination of two parameters for morphological mapping, because it is impossible to ignore one useful parameter in favour of another.
But in this case we face a significant amount of information at detailed level. We have to set limits and perform the selection of regions of the greatest interest for local morphological mapping.
Regions of interest
For the Moon studies we decided to explore region including part of Mare Orientale and the northern part of South PoleAitken basin (Fig.3) . The South Pole-Aitken basin is the large impact structure on Moon's far side, which attracts strong attention of geomorphologists and geologists (Ivanov et al., 2018) .
This region contains a wide range of relief features, which are found on Mercury too: smooth volcanic plains (light and dark), inter-crater hummocky plains, big multi-ring impact basins (crater Apollo, for example), and chains of secondary craters. These sites were used as training data for experiments with zoning by supervised classification technique. The selection of areas with typical landforms is prerequisite for the implementation of this classification method, in particular, for determination of range of numerical values of morphometric parameters associated with particular types of planetary relief.
MAIN RESULTS
During testing of automated morphological classification on chosen sites it turned out that different parameters work better with different terrain objects ( The IQR works better at the global level with big objects, especially when we calculating it on a large basis, which provides smoothing and generalization of results (Fig.5a ) without losing valuable information about the relief in noise as happens on a small basis. The RTP, on the contrary, is more resistant to the noise and continues to clearly display relatively small objects even when the window size is reduced (Fig.5b) . This parameter has the potential for mapping particular objects of the relief at a detailed level, for example, craters with a complex structure (with terraces, central peaks and additional rims). In order to preserve the advantages of both methods, a new approach was adopted, based on a combination of calculations. At first, the pixel values of raster of relief parameters were normalized and reduced to the convenient range (from zero to one), in which values of RTP express extremes -depressions and peaks, and IQR is responsible for the average values which corresponding to the plains and lower slopes. Then rasters with calculated and classified values were transformed and merged into the one vector layer with attributes for the convenience of mapping. As a result, the developed approach combines the strengths of both parameters, compensates for their shortcomings, and ensures the maximum preservation of useful information about the relief.
Morphological mapping
Until recently, a simple gradient scale with values from 0 to 1 was used for representation of morphometric parameters on the maps. But the gradient scale complicates the determination of values of certain parameters. So now we are working on development of a fundamentally new scale with separate steps. It is an important task, because classified scale not only simplifies the process of recognition of macrorelief forms but also makes maps more understandable. Firstly, we used results of IQR calculation to find boundary values between different forms of macrorelief on the Moon and Mercury and distinguish different types of relatively flat surface: smooth plains, hummocky inter-crater plains and low parts of slopes. We aimed to achieve high coherence between our suggested values of roughness for smooth plains and estimates of geologists, studying hermian volcanism (Denevi et al., 2013 ). Then we added areas, which were designated by RTP's values as sharp increase and decrease of heights -depressions and peaks. As a result, a morphological map of the selected region was created based on combination of two parameters (Fig. 6) . As an experiment, the ranges of values for the classes used for Mercury did not change at all and fully corresponded to numbers obtained after for the Moon. Despite this, types of surface on the Moon were identified quite accurately. Morphological classification successfully separated rough areas from smooth ones, showed rims of craters and features inside of the largest ones (Fig. 7) . 
Preliminary comparison of morphology of Mercury and the Moon on global level
A comparative planetary analysis of the Moon and Mercury is a complex work, which can be done in different ways. We carry it out on the basis of comparing the distribution of areas occupied by the most common forms of macrorelief.
Primarily, surfaces of celestial bodies were divided into five parts by latitudes: two polar belts (from 90° to 60°), two temperate belts (from 60° to 20°) and one equatorial belt (from 20° N to 20° S).
After that, a comparison of the percentage ratio of the areas occupied by certain forms of macrorelief to the total area of a particular latitudinal belt was made (Table 2 ). For clarity, two classes -the slopes of the hills and the peaks of the hills -were combined into one, which characterizing the uplands as a whole.
It is important to mention that in this part of study we used only one parameter -the IQR. This decision was made to concentrate on exploration of plains and other relatively flat regions. In the future, areas obtained by the second parameter -RTP -also will be used to identify patterns in the distribution of depressions on celestial bodies.
Celestial body

Smooth plains
Hummocky plains
Slopes and peaks
Northern polar belt 90° N -60° N 
Cryptomaria and "Cryptoplains"
During the process of automatic allocating of plains on Mercury based on the results of IQR's calculations, specific areas were found (Fig. 8) . These areas mostly correspond to smooth type of macrorelief by values of morphometric parameters, but do not coincide with territories marked by geologists as volcanic plains (Denevi et al., 2013) .
Earlier, areas with similar features were discovered on the Moon -so-called cryptomaria. In the geological past of our satellite cryptomaria were ordinary maria (low-albedo plains of volcanic origin) but over the time they were strongly covered with fresh craters and ejecta. Therefore, they are not visible on the images now and can be found only by calculating the morphometric parameters of the relief. We cannot claim that the observed areas on Mercury have the same origin as lunar cryptomaria. But there is a possibility that analogous morphological processes took place on Mercury too. We plan to continue the study of these "cryptoplains" in further works. 
CONCLUSIONS
We calculated morphometric parameters at global and local levels for Mercury and the Moon, carried out a preliminary comparison of obtained values and morphological zoning for mapping purposes.
In process of work it became clear that two parameters are not enough to create a complete detailed morphological map. In future it is necessary to involve other parameters, for example, land-surface curvatures (Florinsky, 1998) . That may give us the opportunity to simplify detection of more specific relief features (grooves on the Moon and scarps on Mercury) and create more complete classification of planetary relief forms.
Such results can be used to perform comparative planetological analysis at deeper level and process data of European mission to Mercury -BepiColombo -successfully launched in 2018.
